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ZKãNrPo�ZK[]\p�4[PWuZK\�lN[PnkZK\�x��fi�[]oY[]\�X
[0�)WY[]m�xPi�tK�ÛgPa2vNe�aPa��PVNU��
}>Z<n�mft<rPo�ZK[]\fX�X�m�xPx]VNXYo¡o�i�rPok�EV_��ZKt<t�«�V�r]«�tKV_oY[�j�VNo�VQlNo
��[]tKrPW�ZKãNr]oYZK[]\B�4WYr]lNoYZ<[P\�X�r]X�tK[0��rPX�r��:VN� ��VNWYlNVN\'o
�4[]WEo�i�V
tKrPW�x]VQX�o ��r]WYVNXN��h�i�V��PVN�_j�Z��klNmft<ow�¡ZK\�o�i�VBr]\�rPtK�SXYZKXu��ZKtKt
«�V¡��i�[Po�[]\fX8XYlNr]oYo�VNWYVNj��:W�[]n o�i�V_{�rPW�o�iD¾ X�rPo�np[]X��fi�VNW�Vc`
��ifZ<lAi�rPtKX�[q�fW�['j�m�lNV�tK[0�EvwVN\�VNWYx]��lQ[]m�\'o�X¡ZK\�o�i�V�W�VNrPW�X
rP\�jk��ifZ<lAi¡r]tKXY[8�0rPW��k��ZKoYiko�ifV�X���rPlNVNlNWYr0�4o
X���ZK\*�

� ��J �2.0MA3 �ET'GÄ@�LQM

h�ifVq~�½
¹�¸ lNrP\ ��mfosWYVNx]m�tKrPWN`8XYnkrPt<t
��mft<XYVNX�ZK\'o�[�o�i�V
jfVNo�VNlQo�[]WYXN¾
zuU X�mf����tK�]`
��i�ZKlAi�o�ifV�VNtKVNlNo�WY[]\�ZKlNX"X�VNV�rPX
VQÎSmfZ<�0rPtKVN\'o�o�[���i�[Po�[]\¯VN�]VQ\SoYXN�qh�ifVk��m�tKXYV�VQ\�VNW�xP�qlNrP\
«�V�o�mf\�VNj rPlNW�[PX�X_oYi�VqjfVNo�VNlQo�[]WYXN¾
�4mft<t�W�r]\fx]V0`�«�mfo_o�i�V
�:W�[]\'oAd0W�VQr]W�W�rPo�ZK[�Z<X�»�á�VNj�rPo8WY[]m�xPi�tK��e0ßÆ^"«�VNlQr]m�XYV_o�i�V
z
U ZKX�XYi�r]WYVNj¡«S��«�[]oYi¡X�VNxPnkVN\'o�X�rP\�jkoYi�VNZKW�W�VQX���[]\�XYV�ZKX
�fW�[]��[]WYo�ZK[]\fr]t�o�[�oYi�VNZKW�lNr]�fr]lNZKo�rP\�lNV0�?¹±m�tKX�V
W�rPo�VNXElNr]\p«�V
lQ[]nknpr]\�jfVNj�X�VN�fr]W�rPo�VNtK� �4[]W�VNrPlAi�j�VNoYVNlNo�[PW¡r]o_e]epj�ZKXwv
lQW�VNoYV_�4WYVNÎ'm�VN\�lQZ<VQXN`uXY��r]lNVQj�«'�qr��4rPlNo�[PW�[0�|ow�E[�`�m���oY[
e2a]gcb_zuã0��h�ifZ<XB��m�tKXYVNWkZKXB\�[]o�WYVNÎ'm�ZKW�VNj�ZK\ ��ZKxPiSoQ`?«�mfo
npr0�8«�V
m�X�VQj¡�4[]W�jfZ<rPx]\�[PX�oYZ<lQXN�
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VNo µfW�[P\'o yªVNr]W
·�e ec�Ie�^ g>�Æà]a
·�g !>�Æà0b ����v
·�^ a>�Æà 	 g>� ! !
·
b a>�Æà 	 g>��	]g
· � ec�¿b ! g>� !]^
· � ec�Æa�e ^>�Æa �
· ! ^>�Ie � g>�Æà 	
· 	 ec�Æg � ^>�Æ^ �
·�à ec�Ie�à g>�Æg !

h�i�V�V��*VNlNoYZK�]VkrPW�VNrPX�[0��X�ZK\�xPtKVÚyªz|{)}�}>~��4WY[]\'o
r]\�j�WYVNr]W
X�VQx]nkVQ\SoYX8rPW�V¡X�if[0��\qZK\Ïµ�ZKx]m�WYV !>`)�4WY[]n rsXYZKn�m�tKr]o�ZK[P\
��ZKo�i¡r]\pr]lNlQm�W�rPlN�¡[0��rB�:VN� ��VNWYlNVN\'oN��h�i�V
\�[PnkZK\�r]tfW�VNXÅv
[]tKm�oYZK[]\k��VNWÅ�4[]WYnkr]\flNV
Z<X
r]���fW�[2á�ZKnkr]oYVNtK��e
�PVNU µ�Þ�z �
ZK\ oYi�V"�4W�[P\So¡XYVNx]npVN\'o�X¡r]\�jÜg'��� �]VNU µ�Þ�z � ZK\�o�i�V
W�VQr]W�X���o�i�V"�0r]tKm�VNX6�4[]W�ZK\�j�ZK�'ZKj�m�rPt�j�VNo�VQlNo�[PW�X¡r]WYV_o�rP«�m'v
tKr]oYVNj�r]«�[0�]V"r]\�j�j�ZKX�lNmfX�X�VQjÜZ<\�¹)¹)¹���¼?�älN[]np��r]WYZ<XY[]\
��ZKo�i¯o�i�VpVAá���VNlQo�VNj�XY[]tKr]WBtKZK\�V���ZKj�o�i�XpÉ�µ�ZKx]mfW�V�àPÍ�ZKo�ZKX

µ�ZKx]m�WYV !'ß�{ �*VNlNoYZ<�PV?rPW�VNr
[0�'o�i�V��:W�[]\'o�r]\�j
W�VQr]W�XYVNx]npVN\'o�X
[0��r8XYZK\�x]tKV|yªz|{)}f}'~?jfVNo�VNlQo�[]Wª�4[]W��fi�[]oY[]��VNr]��j�VQo�VNlNoYZK[]\
[0��r�j�[0��\'�?rPW�j'vwZK\�lNZKj�VN\'o)��if[]o�[P\*`'��Z<oYi�[]mfo)o�i�V
XYi�r]j�[0�Ev
ZK\�xB[0��oYi�V�xPW�ZKj�XN�

rP����rPW�VN\'oBo�i�rPo�r]tKt?[c�|oYi�V¡X�[]tKrPW8tKZK\�VNXBVAá�lNVN��opo�i�V¡�PVNW��
\fr]W�WY[0�²g'�Æg �¡VNU�t<ZK\�V���ZKtKt)«�VkWYVNX�[Pt<�PVNj*`)rP\�jqoYi�Vk�PVNW��
XYo�VNVQ��tK���4rPt<tKZK\�x¡lN[P\SoYZK\Smfm�n X���VNlNo�WYm�nÊ[0�uoYi�V¡X�m���VNWYi�[]o
lQ[]nk��[]\fVN\'o|��ZKtKt)\�[Po�«�Vkj�ZKX�oY[]WYo�VNj*�_h�ifZ<XBZKX�r¡X�oYW�ZK�'Z<\fx
lQ[]\'o�WYr]X�o�oY[���W�VQ�SZK[Pm�X�nkZKX�XYZK[]\�XE«�r]XYVNj¡[]\¡X�lQZ<\'oYZ<tKtKr]oY[]WYXN�
h�ifVsV��*VNlNoYZK�]V�r]WYVNr�`
W�VQX�[]tKm�oYZK[]\*`
r]\�jä��W�VNjfZ<lQo�VNjÜ«�rPlA�]v
xPW�[Pm�\�j�tKVN�PVNturPt<tK[0�²mfX�oY[qlNrPtKlNm�tKr]oYVsy�z
{)}�}'~A¾¿X�X�VQ\�X�ZÄv
oYZK�SZKow��oY[�o�i�V�xPr]npnkr2vwW�r0��tKZK\�VNX
Z<\ ��r]WYVNXN�u{��PVN\_oYi�[]m�xPi
yªz|{)}f}'~�lQr]W�WYZKVNX�\�[�XYi�ZKVNtKj�ZK\�x�o�[�«ft<['lA�u«fr]lA�'x]W�[Pm�\�j
��i�[cv
oY[]\�XB�:W�[]n o�ifVs{�r]WYo�i�[]W�oYi�V_lN[PX�npZ<l¡j�Z��*m�X�V"X��'�]`Eo�i�V
��r]W�VQX?��i�ZKlAi���ZKtKt�X�i�[0��xPr]nknpr0vwW�r2�
t<ZK\�VQX)r]WYVuX�[�Z<\'oYVN\�X�V
oYi�r]o�oYi�Vu«�WYVNnkXYX�oYW�r]ift<mf\�x
VNnkZKX�XYZK[]\
�4WY[]n o�i�V ��rPW�V�ZKo�XYVNtÄ�
��ZKtKt�[0�PVNW���i�VQt<n oYi�VNX�V
XY[]m�WYlNVNXu[c��«�r]lA�'x]WY[]m�\fj*`SrP\�j���ZKtKt
oYi�VNWYVA�4[]WYV
j�VA»�\�V
oYi�V
lN[]\'o�ZK\'m�m�n r]«�[0�]V���i�ZKlAikoYi�V
t<ZK\�VQX
n�mfX�o
«�Vpj�VNoYVNlNo�VQj*��âuX�[c�uo�i�ZKX���WYZ<oYZK\�x�É4bSdfe�gPd]a]gPÍA`�\f[
ºªv�lQt<rPX�X ��rPW�VNX
i�r0�]V
�]VNo
«�VQVN\_X�VQVN\_«'��yªz|{)}�}>~A�
µ�ZKx]mfW�V�	¡X�i�[0��X
oYi�V�VAá���VQlNo�VNj�yªz|{)}�}>~|WYVNX���[]\fX�VkoY[¡r
ZK\'o�VQ\�X�V
x]r]npn�r0vwW�r0�
t<ZK\�V ��rPW�V0`'��ZKo�i�o�ifVu[]WYZKx]ZK\�[0��npr]\'�
[c�8o�ifVstKZK\�VNXpt<rP«�VQt<VQj*�¦µ�ZKx]m�WYVsà¯X�i�[0��X¡oYi�VsV�á>��VNlNoYVNj
XYVN\�XYZ<oYZK�SZKow�¯o�[qoYi�VNXYVsrP\�j�[]o�ifVNW¡t<ZK\�VQXN`�j�VA»�\fVNj ZK\�ow�E[
�Er0�'XNßuoYi�V�X�oYr]oYZ<XYo�ZKlNrPt�XYZKx]\�ZÄ»�lNrP\�lNVB[0�?VQr]lAi�tKZ<\fV
�4[]W
o�i�V
tKrPW�x]VQX�oBVAá���VNlQo�VNj�xPr]npnkr0vwW�r0�¡tKZK\�V���rPW�V0`�r]\fjqo�ifVktKZK\�V
��m'á�WYVNÎ'm�ZKW�VNjp�4[PW�rk^��_j�VQo�VNlNoYZK[]\*�

µ�ZKx]mfW�V 	>ß?}'ZKn�m�tKr]oYVNjky�z
{)}�}'~)lQ[]m�\'o�X���VNlNoYW�m�n��:W�[]n r
tKrPW�x]V
x]rPnknkrcv�WYr���t<ZK\�V ��rPW�V0�
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µ�ZKx]m�WYV�e�a�xPZK�]VNX)r
XYlFifVNnkrPo�ZKl?WYVN��WYVNX�VN\'oYr]o�ZK[P\k[0�*o�ifV��0r]Wwv
ZK[]m�X¡XYo�VN��X"Z<\'�P[]tK�]VNjäZ<\ärÏXY��VQlNo�WYr]tBr]\�rPt<�'XYZ<XQ�¶~w\�o�i�ZKX
j�['lNm�npVN\'oN`��?V�jfZ<XYlNm�XYX|[P\�tK�koYi�V8�fi�ZKt<[PX�[P��i'��[0�)rkXY��VNl�v
o�WYr]t�rP\�r]tK�'X�ZKX�Z<\�x]VN\�VQW�r]t �'o�i�V�µ�ZKW�X�o)}'oYVN��X)jf[SlQm�nkVN\'o���ZKtKt
X�if[0� �][Pmsif[0� o�[¡m�XYVkoYi�Vky�z
{)}�}'~
X�[0�:ow�?rPW�V0� ­ \�V�[c�
o�ifV�np[]XYo�ZKnk��[]W�oYr]\'o�oYi�ZK\�x]X�ZK\qr�X���VNlNoYW�rPt|rP\�r]tK�'X�ZKX�ZKX
o�ifr]oEo�i�V
X�oYVN��X
r]W�V
j�[P\�Vu�:�����]���'��rPX�X�i�[0��\pZ<\¡µ�Z<xPm�W�V
e�a>��Þ�V8��ZKtKt)nkrP�]V�XYm�W�V�oYi�Vky�z
{)}�}'~
XY[0�4ow�Er]WYV8npr]�]VQX
ZKo�j�Z��klNm�tKo�[]WpZKnk��[]X�XYZK«�tKVko�[�jf[q[]oYi�VNWY��Z<XYV0� h�i�V"j�VAv
�4rPm�tKour]\fr]tK�'X�ZKX�j�VNXYlNW�ZK«�VNj�ZK\sµ�Z<WYX�o�}'oYVN��X�ZKXurpW�VNtKrPo�ZK�]VNtK�
X�ZKnp��tKV?[P\�V0`�[]�fo�ZKnkZKãNVNj��4[PW?i�rPW�j6áSvwW�r0����rPW�VNX�[c��nk['j�VNXYo
ZK\'o�VN\�XYZKow�]�
~wnkrPx]ZK\�xEX���VNlNoYW�[]XYlN[]�'��ZKX�«�VQ�][]\fj8oYi�V?XYlN[]��V�[0��o�i�ZKX�j�['lAv
m�npVN\'oN��h�i�V
nk['j�m�tKrPo�ZK[]\
ZK\'o�W�['j�mflNVNj�«'�8oYi�V�x]WYZKj�X�j�['VNX
i�r0�PVkX�[PnkVpVN\�VNWYx]�qjfVN��VQ\�j�VN\�lQV0�Üh�i�VNW�V��4[]WYV0`�o�[�nkrP�]V
X�mfW�VBo�i�rPouo�ifV8np[Sjfm�tKr]o�ZK[P\ki�rPXu\�[pj�ZKX�o�[PW�oYZ<\fxkV��*VNlNo
[]\
�][Pm�WBX���VNlNo�WYm�n_`E¥���¢²�N����¢������2  ��� �N°,�>�c���0 ä�8���*�N�
��¢��0 ����:���s�w�
�0��¢�Ã����:¥¡ ����4�����'Ã��0 ��*��¢�¤��)�'�
������ ��I�
�Q°��:�)�
�B���'���'���'�B°)�*���Q�4���:��¨
â²xPVN\�VNWYr]t�\�[Po�V0ßBX���VNlNo�WY[]XYlN[]�'��r]\�rPtK�SXYVNX���ZKtKt�«�Vpnk[]WYV
r]lQlNm�W�rPo�V���ifVN\_o�ifV|��if[]tKV
��W�['lNVNjfm�W�VBj�[0��\¡o�[�oYi�V
t<rPX�o

Line
Energy

(MeV)

Excited

Nucleus
Width

(keV)

3σ Line

Fluence

(ph/cm2))

Large Flare

Line
Flue
nce
(ph/
cm2)

HESSI
Line
Counts

HESSI
Continu
um
Counts
*

Numb
er of 
σ

Prompt  lines

0.339 59Ni 4 1.6 9.2 1512 37475 7.7

0.429† 7Li 5 2.4 9.5 838 15839 6.5

0.478† 7Be 10 3.5 9.5 854 25342 5.3

0.452† 7Li-7Be 30 2.3 19.0 3195 89004 10.5

0.847 56Fe 5 1.4 17.3 1074 4471 14.4

0.932 55Fe 5 1.2 2.5 274 3193 4.7

1.369 24Mg 16 1.7 25.5 1567 6995 16.9

1.634 20Ne 20 1.6 75.3 4297 6863 40.7

1.778 28Si 20 1.9 30.4 1446 5245 17.7

2.618 20Ne 60 3.5 11.4 445 4187 6.5

4.439 12C 145 6.9 73.3 1294 5383 15.8

6.129 16O 145 11.4 57.6 549 2716 9.6

Delayed lines

0.511 e+/e- 5 2.4 196.9 21060 15432 110.2

2.223 2H 2.5� 0.6 298.7 13345 346 114.1

* For most lines, about 90% flare continuum and 10% instrumental background
for this bright flare.

† The narrow lines are for a downward beam or a fan beam; the single broad line
at ~0.45 MeV is for an isotropic distribution.

�This line has an intrinsic width of ~0.1 keV, so we used the instrument FWHM
resolution (2.5 keV).

µ�ZKx]m�WYV à>ß´{�á���VNlNoYVNj XYVN\�X�ZKoYZ<�'ZKo�ZKVNX�oY[ÝoYi�VÜ��WYZ<\flNZK��r]t
x]rPnknpr2v�WYr0��tKZ<\fVNX�ZK\kr�tKr]WYx]V���r]W�Vc�

XYo�VN�äZ<XBj�[P\�V¡X�VN��rPW�rPo�VNtK�¯�4[]WBVN�PVNW���X�VQx]nkVQ\SoQ� µf[]W�V�áSv
rPnk��tKV0`�ZKnpr]x]ZK\�V�oYi�r]o
[]\�V�X�VNxPnkVN\'o�i�rPXur�n�m�lAi¡i�ZKx]i�VQW
tKZK�]VQo�ZKnkV*oYi�r]\�rP\�[]oYi�VNWQ` rP\�j�ZKX*r]tKXY[���ZKlF�'ZK\�xEm���r�XYt<ZKxPiSoYtK�
jfZ��*VNWYVN\'owvwX�i�rP��VNjBX���VNlNoYW�m�n É4np[]W�V�«�r]lA�'x]WY[]m�\fj*`0��VNWYi�r]�fXFÍA�
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lN[PW�WYVNlNo�ZK[P\�o�[¡r¡X���VNlAv
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oYi�V�lN[Pm�\'ouWYr]o�VB�0r]WYZKVNXuj�WYr]npr]o�ZKlNrPtKt<�Bj�m�WYZK\�x�o�i�VB��VNW�ZK['j
[c�$�P[]m�W�r]\�rPt<�'XYZ<XQ`�oYi�VkoYZKnkVBZ<\'oYVNW��0rPt<X�[0��i�ZKx]i�r]\fj�t<[0�
tKZK�]VQo�ZKnkV�ZK\q{�â��Ez�X�VQx]nkVQ\So�X�i�[Pm�tKjqr]tKXY[_«�Vpr]\�rPtK�SãQVNj
XYVN��rPW�r]oYVNtK�]�_~:�u�P[]m��?rP\'o�r_X�mfnknkVQj_X���VNlNoYW�m�n [0�]VNW�r
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oY[]xPVNo�i�VQWuo�ifV�W�VNXYm�tKo�X
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oYi�ZKX?VQr]X��6�4[]W��P[]mpo�[Bj�[�`�«�mfo�Z<oE��ZKtKt*X�[]npVNo�ZKnpVNX�«�V�VQr]Xwv
ZKVNWQ`��:[]W
r¡ÎSmfZ<lA��tK[S[P��`�oY[_X�mfn VN�PVN\'o�X��4W�[Pn nkrP\'��XYVNx0v
npVN\'o�X*rP\�j
o�ZKnkV�ZK\'o�VNWY�0r]tKX*o�[Px]VNoYi�VNW�r]\�j
j�[
r�X�ZK\�xPt<V���rPX�X
oYi�W�[Pm�x]i¡oYi�V�X�oYVN��X
t<ZKXYo�VNj¡«�VNtK[0� lN[P\�X�ZKj�VQW�ZK\�xkoYi�V
VN\'o�ZKW�V
XY��VQlNo�WY[]nkVQo�VNW�É4[]W�r�XYVNou[c��XYVNx]npVN\'o�X��][Pm*¾¿�]V
lFif[]X�VQ\�Í�rPX
oYi�V
j�VNoYVNlNo�[PWN�
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â X���VNlNoYW�m�n lQr]\_«�V���W�['j�mflNVNj��4WY[]n�[]\�VB[]W
nk[PW�V�XYVNx0v
npVN\'o�XQ`�rP\�j���Z<oYisrP\�j_��ZKo�if[]m�o
lN[PZ<\flNZKj�VN\�lNV�ZK\��0r]WYZ<[Pm�X
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Deconvolve full response (SPEX/XSPEC)
Divide by diagonal response OR

SPECTROSCOPY TASK FLOW CHART

Select segments and coincidence modes

Correct for deadtime & pileup

Convert counts to energy

Bin to desired energy bins

Before/after flare

Previous/next orbit
Previous/next day
Synthetic

COUNT SPECTRUM

PHOTON SPECTRUM

ADVANCED

ADVANCED

Generate & subtract background

Grid transmission
Attenuator transmission
Blanket transmission
Detector response to modulated photons

Det. response to scattering in 2nd grid
Det. response to scattering in spacecraft
Det. response to scattering in atmosphere

 & shutter

Det. intrinsic lineshape function
Det. electronics lineshape function

Electronics threshold cutoffs
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